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This study was conducted to determine the extent of arsenic
{As) absarption from soll and house dust impacted by smalter
activities noar Anaccnda, Moutana. Femals cynomolgus monkeys
were given a single oral administration via pelatin eapsules of soi}
(0.62 mg As/kg body wt) or house dust (0.26 mg As/kg body wt),
or soluble sodium arsensate by the gavage or intravenous routs of
sdministration (0.62 mg As/kg body wt) in a crossover design with
2 minimum washout period of 14 days. Urine, feces, and cage rinss
were collected at 24-hr intervals for 168 br. Blood was collected
a: specified time points and area under the curves (AUCS) was
determined. Arsenic concentrations for the fizst 120 hr, represent-
ing slimination of greater than 94% of the total administered doss
for the thees oril treatment groups, were <0.021 to 4.68 ug/ml
for the ucine and <0.24 to 31.1 ug/g for the feces. In general, peak
concentrations of As in the urine and feces were obtained during
the collection intervals of 024 and 24-72 hr, respectivaly. The
main pathway for excretion of As for the intravenous and gavage
@oups was In the urine, whercas for the soll and dust groups, it
was in the feces. Mesn sbsolute peccentage bioavailability values
based on urinary excretion data were 68, 19, and 13% for the
gavage, housa dust, and soil treatments, fispectively, after normal-
ization of the intravenous As recovery data to 100%. Correspond-
ing absolute bioavailability values based an blood were 91, 10, and
11%. The bicavailability of soil and house dust As relative to
soluble As (by gavage) was between 10 and 30%, depending upon
whether urinary or blood values were used. These findings suyggest
that risks associated with the ingestion of As la soll or dust will
be reduced compared to ingestion of comparable quantities of As

in drinking water. © 1995 Seciry of Tenieotegy.

Arsenic (As) concentrations are elevated locally in soils
at many sites of former mining and smelting sctivitles
around the world. Even more widespread contamination
has occurred duc to the use of arsenical pestcides aand

defoliants (Chaney and Ryan, in press). Orchards and cot-
ton and potato fields have been particulerly contaminated,
It has been estimated that, in the United States alone,
100,000 w0 1,000,000 hectares of cucrent and former
agricultural land contain soil As concentrations of
200 ug/g or more while tens of millions of hectares ¢oa-
tain arsenic rasidues in the range of 20 to 30 ug/g (R. L.
Chaney, personal communication). Because As carcinoge-
picity has been estimated by the U.S. EPA from studies
of Taiwanese populations (Tseng, 1977; Tseng ef al,
1968) with As in drinking water (soluble As), it is im-
pertant to assess As bioavailability from soil, relative o
soluble As, in order to accurately assess risks from inges-
tion of soil As.

Such an assessment depends, in part, on a determination
of As bicavailability in soil relative to water. Bioavailability
is defined as the extent to which the chemical is absorbed
into the systsmic circulation and distributed to the targe:
organs. In 4 previous experiment using New Zealand White
rabbits (Freeman ef al, 1993), urinary excretiou data re-
vealed that the absolute bigavailability of As in soil from a
former copper smeiter site was less than 30%. Arsenic in
the coil was approximately twofold less bioavailable than
arsenic In solution, indicating that soil As was In a less
readily available form. However, dus to concerns about
physiological dissimilarities between rabbits and humans.
pasticularly the occurrence of coprophagy in rabbits, it was
decided that soil As bioavailability should be tested in a
second animal model. The monkey wes subsequently chosen
as an anima! model with more physiological and anatomical
similarity 10 humans.

The current study was designed to characterize the extent
of As absorption from resideatial soil and house dust im-
pacted by past smelter emissions. Blood As concentrations
and urinary excretion of As was agsessed in cynomolgus
monkeys sequentially receiving intravenous sodium assenate
solution and three different oral treatments: soil in capsules.
house dust in capsules, and sodium arsenate solution admin-
istered by gavage.
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METHODS

Marerials

The composiic soil (9 residencas) and house dust (4 cesidences) samples
sdministered to the monkeys were collectad from residences-in Aaaconda,
Montana. Disodium acsennte hogtahydrate (NaysHASO, 7H;0) obtained from
Aldrich Chemical Co, (Milwsukes, WI) was used to adsinister the appro-
priate doses of As to the ingavenous and gavage study group snimals,

Test Subsrance Composition

Maisture contenc was determined by waight loss after drying at 108°C
for 2 he. Peccentage organia matter In the test soil was estimmed from loas-
on-ignition at 430°C until constant weigiit or after heading for 24 he (Davies,
1974). The pH of the test soil was Jetermined with an approprissely caii-
brated pH metar (Qrion, Model 510) using Method 9045 (U.S. EPA, 1986).
Toral element and As soil and house dust concentrstions were deteastined
using Mathed 3050 for sampie preparstion and cigestion tloag with Method
6010 (inductively coupled plasma stomic emission spectroscopy, ICP-AES)
and Method 7060 (acomic sbsorption methoed) for determination of actunl
metal concentrations (U.S. EPA, 1986). The As micromincralogy of the
composite soil and dust sauples was determined by elactron microprobe
analysis by the method of Davis o ak (1997). Puticle size analysis of the
soil was determined by the electrozone method (Partele Daca Laboratoriss,
L, Elmhurst, IL).

Tast System and Animal Maintenance

This was & nonclinicnl labgratary seudy performed in compiiance with
the EPA Good Laborstory Practice Regulstions, 40 CFR Pu 792 (U.S.
EPA, 1989), Thres female cynomolgiss monkeys (approximately 2-3 kg
and 33} years of agn) were supplied by Chades River Primates (Pon
Waghington, NY) and wers housed in stainlass=stoo] matsbolism cages for
the duration of dw study,

All monkeys were provided deionized water (<0.002 ug Asnt) ed libi-
aum. Certified Purine Primate Diet 5048 (<0.2 ug Ad/g) was siso aveilshle
ad libitum, except during a fasting penod which was initisted approximarely
{6 br prioc to dosing and concluded spproximately 4 he after dosing.

Dezsing Regiman and Administration

Exch of the three fernale monksys wers randomly cycled through e
fous different treauments, with s washout period of st least 14 days between
reaiments. The four weauments sonsisted of a singls introvencus or gavage
administestion (1 mi/kg body wt) of = sodium arsenste solution (0.62 mg
Aafxg body W) or a single oral administration via capaules of soil o house
dust (1.5 g of soil/kg body wt or 0.62 mg As/kg body wt; 1.5 g of house
dust’kg body we or 0.26 mg As/kg body wi).

Foc the intravsnous treatmest, the squeous sodiom arsenate solution was
adeministered over 2 2- tv 3-min {ateeval into the saphencus vein using a
Butefly (nfusion Set (25 X § 12-in. Tubiag, Abbort Hospital, Inc., North
Chicago, [L) which was Luer-Lok Gwed 1w & dispossbie syriage.

For the oral sod{um arsenale treatment, the aqueous solation was adminis-
tered over & l-min interva) using a plastic syringe that was Btted with an
8 F (French) rubber gavage tube (Malliackrodt, Glens Falls, NY). The
feeding rute was passed via the nasal passape dowa the esophagus 10 the
stomach, Dosing solution concentrations weee verifled during the swudy and
were all within =2% of target concentrations.

The targeted amount of the test substances (soll or house dust) way
formulated into approgrintely sized gelsdn capsules (Lilly No. 000 or 00)
0 that the total weight of the soil or dust conkained in the set of capsules
was withia 23% of the targeted dose. Dosing was performed using a piligun
(Professional Speciakies. luc.), with a 1~ to 4-min isterval berween sach
eapsule administration. Fouc capieles were required to deliver the larget
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dose of 10l oc house dust, and the monkeys were maonitored o ensure tha
capsules or lesc sudstances were not expelled.

Sample Collection and Pregararion

Excreta specimens were collected far each trearment from all monkeys
prior t dosing and at the end of the istervals of 0~24, 19--48, 48<72, 72~
96, 96-120, 120~ 144, and (44— (68 hr after dosing. Urine fowed inio a
runoff jar attached ro the coliection paa of the cage. After the urine and
feces spocimens were removed, the cages and collestion pans were rinsed
with deionized water (cage rinse) to cemove any residus! cxcrota. All speci-
mens ware weizhed 10 the nearest 0.1 g at room iemperanue. The axcrera
snd cage rinss specimens for the first 120 v were pooled to provide speci-
mens for analysls o 0=24, 24-72, acd 72120 br after dosing, Urine and
cage rinss samples were acidified with 15 m HNO,. Deioaized warer (3
volume equivalent to twice the otal wet weight of the fecal specimen) was
mixed with the pocled fecal specimens on a shaker until a homogenous
paste was produced. Splits of fecal material were lyophilized and subject
to heavy-liquid separation for determination of As speciaton by electren
nmicroprobe. .

Agimals wers bled according to the fellowing tmae points—oral dase
(gavage and capsule): predose, 15, 30, 45, 6C, and 90 min and 2, 3, 4, 8,
24, 48, 72, 96. 120, 144, and 168 hr postdoss; inmuvenous dose: gredase,
A 6-hr blood collectiog was added to the dust animals. Approximately 1.0
ml of blood was taken from the monkeys at each tme point osing vascular
access ports which had been peevigusly implanted, A 22-gauge X lsin,
Huber point needle (Norfolk Medical Products) attached to a 3-ml syringe
was usad to withdraw the dlood which was then placed into a 10-ml Vacu-
taioer (with sodinm heparia, Becton Dickinson, Rutherford, NJ), Heparin
was also diluted and used to block the vascular access pocts in between
bleeds in ocder 00 naincain their patency. Alter collecton, 1 m! of each of
the blood semples was measured and than added in & 1:5 dilution o 0.2%
(v/¥) nitri¢ acid and stored at appeoximately 5°C pelor to analysis. The 144
and 168-hr samples for the gavage, dust, and sofl animals were not analyzed

Determinarion of Arsenic in Biological Fiuidy

Excreta.  all samples were malyzed using 2 Perkin -Elmer Model 500
Zeeman stooiic AsSOPLon spectrophotometer aquigped with & Mode! 500
graphite fumace (GFAA). Focsl apecimens (spproximataty 3 g) were re
Nuxed with 15 M HINO, a5 95°C and evaporaied 10 5~10 ml. Sunples wer:
then digosted with 2 mi of water and approximmaiely 5 ml of 30% H.O:

" and diluted to 50 ml with water, Urine (0.5 t0 1.0 mI) and cage rinsa (~

mi) samplas were digested ia 15 M HNO, in a boiling wasr bath. Afte
cooling, samples were diluted to approximarely $ ml with delonized wate:

Aa As matrix modifier soledon was used, consisting of 0.5% Ni (2.5¢
NINO,), - $H;0) and 0.25% magnesium (3.5% MgNO,).-6K,0) in ¢
(viv) HNO, (U.S. EPA, 1923, 1986). In most cases, 20 to 25-u) aliquot
of the samples with § pl of mutrix medifier were injecied ono the platfon
of the grophite furnace and peak-sres inregmtion absorbinces were me:
sured. Arsealc in the sumples way calevlated from Linesr regression eque
tons using the method of standard 3dditiens (Kiain and Hach, 1977). A
aic detection Jimits o the foces, veine, a0d cuge rinse were detsrmined K
each treatpent cycle and averaged 0.24 ug/g, 0.021 up/mi, and 0.003 p;
nal, respectively. Prior to further calcalations and statistical aaalysls, &
detaction limit divided by two was substituted for all As concentrador
below the delection lmit.

Blaod. Rlood samples were weighed into acid digestion vessels (Pa
Bomb, Modal 4749, Parr Instrument Co., Moline, (L) and digested with
ml of concentrawed nitric acid (Ultrex Brand, 1.T. Baker, Inc., Phillipsbur
NI, ~70% wiw} & (40°C for 3 br. After cooling, bomb contents we
quantitatively transferred (0 2 volumetric flagk and diluted 0 [0 ml wi
Jeionized watsr,

Samples wace zaalyzed on a Perkin~Elmer Model 3100 atomic abso:
tion spectrophotomater with Zeeman effect background correction (Perki:
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" jhwner, Nerwalk, CT) using the stabilized temperamure piatform fumace a1

193.7 nem usmg a 10 mg/mi nickel micrate matrix wodifier. Samples wave
intreduced icta the graphite fumace atomic absarption WWMF
(GFAAS) usieg a Perkin—Elmaer AS-60 sutosampler. The 3

ter was calibrated agxinst standards prepared in spiked blank blood dl'uu

conmining As concencrations in die cange trom 0.09 ta 2 ;ig As/sampie using
a quadraie least-squares fit of istegroted absorbance values (absorbance—
seconds) to As concentrations. Sampls digests with As concentrations sbove |

2 ughample wets diluted with blank whole tiload digests to producs ¥ Snal
concenastion within the GFAAS calibmtion range.

The fimit of detaction (LOD) for A3 in biood (0.007 ug/ml) was caleu-
fated as (he blank concentratios pluy twee timas the seandard daviation of
the blank,

Calculations

Ares under the blood concenaation versus time curve (AUC) data wers
obigined from the Sigme Plot (Version 3.0) program using the tapezoidal
rule. In caleulating the AUCs, values were comrected far background (pre-
dose), [f U predoss sample was less than the LOD (0.007 ug/ml), then half
of the LOD (0.0055) was used and subtrscied from al! Iater values through
120 hv. For the Inravenous group, the AUCS from 0 —~ o were egtimsted
using the existing dsta for esch anlmsl and the siops of dn
eliminadion phase using Lotus 123 (Verson 2.3). Tha equation used was

AUCew = AUC (zwpezoidal rule)-+ dﬁc—; .

whem G is the Iast measurable conceagation.

Dug to the deaign of the study, each monkey served as its owa reference.
Thesafore, bioavailability values based on urinary excretion dota foe the
iwal treaiments were calculated from the amount of As recovered in the
urine when the animal was administered As intraveaously compared to
uprake of As from the gavage, oil. and dus rowtes of administration.
Bioavailability values based on urine ware determined according t0 the
followiag squation after normalization of the isgravenous twatment's arse-
aie recovery daw to 1009,

Total amount of As in urine for oral
Tetal amount of As in urine (ug) for intravenous group

Total administered dose for incrmvenous group (mpky) . 1o
Total sdministered dose for oral group (mp/kg) '

x

Bicavailability values based oa blood ware determined acconding to the
following equation.

AUC for oral restment
AUC for intravenous trestment

 Total administared dose fut intravenous eeaument (mp/kg) . |
Tozal sdministered dose for oral testment (mg/kg)

-

RESULTS

Seoil and House Dust Characterization

Arsenic concentrations in the soil and house dust were
410 and 170 ppm, respectively, with a moisture conteat of
2.3 and 4.9%, respectively, Percentage organic matter was
approximatsly 3-4 times higher for the house dust than for
the sail (42 and 12%, respectively) reflecting the fact that a
major componeat of house dust is exfoliated skin cells and

hair. The pH was similar for the scil and house dust (7.8
and 7.6, raspectively).

Electron microprobe analysis indicated that the As was
present primacily as iron—As oxide (17%-soil, 9%.dust) and
combined metwal oxides (46%-soil, 58%-dust), with Jesser
contributions from mewl-As silicate, enargite, slag, As
phosphate, and iroa—As sulfate (Table 1). The metals con-
tained in the metal~As oxide and metal-As silicate were
copper, iron, aluminum, and zinc. Although the As mass
distributions of the house dust and soil samples were similar,
the houss dust had more frequent occurrences of liberated
As partcles (particles not encapsulated or rinded by other
mineral forms).

The geometric mean size (GMS) of the soil particles was
calculated using volume-based diameter distribution data
and was similar for both the soil and house dust (25.2 and
30.8 um. respectively). These results indicated the particle
sizes of the tesr soil and house dust were coasistent with
those found to adhere to children’s hands (<100 um) which
have & greater likelihood of being ingested (Duggan e: al.,
1983; Chaney er al, 1589).

In-Life Parameters

There were no geatment-depeadent changes in body
weight, as the weight of the monkeys remained stable through-
out the duration of the study. In addidon, no clinical signs of -
toxicity wers observed in any of the animals during the sudy.
Food consumption by ons of the monkeys was temporarily
reduced after dosing with soil and dust, due o a decrease in
the animal's appetite. Otherwise, mean food consumption was
similar among the animals throughout the stdy.

Total Arsenic Amounts and Percentage of Dose in Urine
and Feces

Background corrected urine As conceatrations for all
treatment cycles ranged from <0.021 to 4.68 ug/mi. Each
animal’s As concentrations during a given weatment cycle
were corrected for that animal’s background arsenic level,
a8 determined prior to the treatment cycle in question. Peak
As excretion in the urine occurred during the collection inter-
val at 0~24 hr for all four treatments (Fig. 1). Arsenic excre-
tion was gready reduced in subssquent urina samples, indi-
cating that the slement was rapidly cleared from the systemic
circulation, and that urinary As excretion was virtually com-
plete within 72 hr after dosing. Mean As masses recovered
in the urine after 120 hr are provided in Table 2. Low cage
rinse vajues indicare that urine readily drained iato the urine
collection container, with nominal residual drying on the
metnbolism cage and/or collection pan. Over 72 hir, approxi-
mately 96 and 73% of the wtal As were recovered in the
urine of the intravenous- and gavage-dosed monkeys, respec-
tively, compared to 15 and 26% for the soil and house dust
treatments, respectively.
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TABLE |
Acsenlc Mass Distribution (%) in Mineral Phases
Composite soil Composite bouse dust
Phass Preingesied Poscingested Preingested Postingested

Meal*-arsanic oxids 48 &3 58 S0
lron~anenic axide 1? 15 9 ]
Metel’—arsenic sulfide 7 5 1 33
Anenic phasphate 7 8 6 (
Slag 7 5 8 3
Metal*~arsenic silicate {1 2 7 i
Iron-anenic sulfate 5 ! t 0
Number of particles coued b1y 179 207 187
Arsenic concesiration (mg/kg) 410 170

* Metals in metal~arsenic oxids are primarily copper, Tinc, aad iron in varying proportons.
* Metl-artenic sulfide is geserally a combinaticn of enargits (CujAsS, ), arsenapyrite (FaAsS8), and complex solid solutions contsining Cu, Te, Pb

Bi, or other mesals.

‘ Metals in metal-arsenic silicate are primavily iron and aluminum in varying proportions.

Fecal As coacentzatons ranged from <024 to 31.1 ug/g.
Typically, fecal As excreton peaked within 24-72 hr of
dosing, and As excretion iu the feces was generally complece
within 72 hr of dosing for all treatment groups (Fig. 2).

Total percentage recoveries of As as a function of the
actual administered dose measured in the urins (urine and
cage rinse combined) and feces were within 100 * 6% for
the three oral treatmants and 80% for the intravenous group
(Table 2). Overall, actual administered doses averaged ap-

proximataly 100% of tbe targeted administared doss. Thes¢
results Indicated that animals were administersd accuratc
doses of As via tha various routes of administration.

Absolute Percentage Bioavailability

Total amounts of As in urine, AUCs, and absolute percent-
age bioavailability values based on urine and bicod data age
provided in Table 3.

Total Amount (pq)
tbar graph)

24-72

Cumulative % of Administered Doss
{line greph}

Yime (Hours)

FIG. 1. Arsenic excreted lo urine a2 sach time Interval (bars) and as cumulasive percen of administered dose (lines). Treatmems groups of thie
monkeys ‘were gives target doses of 0.52 mg As/kg body wt of sodium nrsenate by intravencus of gavage administration. or 1.5 g of soil or bouss du
per kilogram body wt (0.62 and 0.36 mg As/kg body wt, respactively) by oral administation vis capsules.
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TABLE 2
Mean Arsenic Mass Recovered in Urine after § Days and Percentage Recavery of Administered Argenic®
Arsenic mass Percentage: cecovery?
adounistered’ Arsenic mass in
Tresement group (up) urine’ (pg) Urine Feces Toral
Inqavenous SOdium arcRME 1593 = 38 1320 = 54 765 £ 23 32z 19 9.7 = 40
Gavage sodium arsenate 1593 £ 47 1105 = 74 69.2 £ 30 250 + 113 944 =92
-Qral soll 1830 + 94 238 £ 86 152 =247 8.4 = i1l 101 =7
Oral dust 656 = 21 166 £ 28 5.0z 32 7085 22 954 =52

* Treatment groups of three moakeys were given wrget dosss of 0.62 mg As/kg body wt of sodium arsenzie adminiytered intravencusly or by gavage,
or 1.5 g of soil or dust pet kilogmm body wt (0.62 and 0.26 mg Awkg body wt, respectively) omlly via capsules.

* Valuss are means = standard deviation of wtal amounts of acsenia administeced to

each animal (N = 3).

“ Vaiues ace means 3= standard deviaton of tatal As amounts in urine obtained over 120 b for each anisoal (¥ = 3).
4 Vilues sre means = standard deviation of percentage recovery values for eath animal (¥ = J).

Blood data for animal 20-784 following gavage admin-
istration revealed a lower peak arsenic councentration than
the other two monkeys which may account for the lower
absolute bioavailability for that animal. The higher AUC
and resultant absolute percentage bioavailability for ani-
mal 30-544 following administration of house dust was
probably a result of higher blood arsenic concentrations
achieved for this animal. Finally, the fact that arsenic
concentrations for the final two blood collections were
much higher for animal 30-537 after soil administration
than those for the other two moakeys resulted in higher
AUC and absolute percentage bioavailabllity values.

Mean normalized absolute percentage bioavailability al-
ues based on urine were 67.6. 19.2, and 13.8%, respectively,
for the gavage, house dust, and s0il groupe. Cormresponding
absolute pescentage bioavailability values based on blood
were 91.3, 9.8, and 10.9%. The arsenic in the dust and soil
was approximately 3.5- to 5-fold (based on urine) and 8- o
9-fold (based on blood) less bioavailable than arsenic in
solution. The bioavailahilities of dust and soil arsenic rela.
tve to dissolved arsenic were 28 and 20% bassd on urine
values. When blood values were used, the bioavailabilices
of dust and soil arsenic relative to dissolved arsenic were
reduced 61 and 40% to 11 and 12%, respectively.

1200 - 20
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FIG. 2. Assenic excroted in foces at cach time interval (bars) and as curulative percent of admiaiscared dose (lines). Trestment groups of dice
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DISCUSSION absolute percentage bioavallabilities of As in the test soil

This study confirmed that in cynomolgus monkeys, as in
other species, urinary excretion is the major pathway of As
elimination from the systemic cisculation (Buchet o1 al,
1981; Charbonneau et al, 1978; Marafante and Vahrer,
1987; Tam ez al., 1979; Vahter, 1981; Yamauchi and Yama-
mura, [985). For the intravenous treatment, the urinary data
indicated that As elirnination had essentially ceased within
72 br of dousing, indicating that the S-day in.life phase was
sufficieat to recover most of the absorbed As (Fig. 1). Arse-
nic recovery in the feces for the intravenous westment indi-
cated that some As was eliminated by biliary excretion; how-
ever, this study could not determine the extent of this As
recycling. Urinary As excretion following intravenous ad-
ministration was normalized to account for the sum of As
retained in tissues and eliminated via feces. For the gavage
sodium arsenate, soil, and house dust treatmeats, approxi-
mately 25, 86, and 71% of the actual administered As dose
was eliminated in the feces, respectively, representing the
amount of As that was oot absorbed plus the fraction of
absotbed As that was eliminated by biliary excretion and
not reabsorbed. Assuming that the fratdon of As eliminated
through biliary excretion was constant, the higher percentage
of the administerecd As dose recovered in the feces of the
soil and house dust animals when compared to the gavage
weatment indicated that soil- and dust—-As were in a less
absarbable form thaa the sodjum arsenate and, consequently,
less bicavailable,

The almost perfect total As recoveries in the oral groups
demonstrated the capability of the protocol used to recover
administered As and were not necessarily inconsistent with
the 20% tissue retention suggested by the intravenous data.
Arsenic recovery data for the intravenous treatment sug-
gosted that differences in arseaic distribution and metabo-
lism following a bolus of sodium arsenate administered intra-
venously compared to orally may affect bioavailability est-
mates. The rate and exteat of distribution of a drug/chemical
to various tissues depends upon the rate of delivery of the
substance to the tssue cisculadon (Welling, 1989). Addition-
ally, As metabolism is likely to be affected by the route of
administradon. Arsenic elimination-is enhanced by conver-
sion (0 methylated species in the liver (McKinney, 1992).
Intravenously administered As will circulate through the pui-
monary capillary bed and other tissues prior to reaching
the liver. These factors suggest that & larger fraction of the
sbsorbed dose is likely to be retained in the tissues after
intravenous compared to oral administration. Because of this
apperent difference, urinary As excretion following intrave-
nous administradon was normalized, whereas urinary As
excretion following oral administration was not, to preciude
overestimation of As bioavailability.

Urinary excretion time course patterns indicated chat these
data were scceptable for estimating As bioavailability be-
cause virtually all of the As was recovered. The overall

and house dust based on comparison with normalized intra-
venous urinary data were 14 and 19%, respeciively, sug-
gesting that oaly @ small fraction of the As in the test sub-
stances was available for absorption. This was further sup-
ported by absolute percentage bicavailabilities based on
blood data of 11 and 10%, respectively. Arsenic in the soil
and house dust was approximately 3.5- to 5-fold (based on
urine) and 8- to 9-fold (based on blood) less bioavailable
than arsenic in solution, probably because As in the soil
and dust occurred predominantly as As minerals that are
generally insoluble during passage through the monkey gas-
trointestinal tract. Indeed, examination of the As mineralogy
in fecal material from the monkeys indicated the presence
of all of the As mineral phases present in the initial soil and
house dust (Table 1). Based on the As mineralogy in fecal
material, the phases metal-Ag silicate and iron-As sulfate
appear to contribute the bulk of bicavailable As.

As arsenic-bearing minerals pass through the gastroin-
testinal tract, their solubility is controlled by a variety of
mineralogic factors incjuding (1) the solubility of the As-
bearing phases, (2) encapsulation within insoluble matri-
ces (e.g., silica), (3) rinding of the As grain by precipita-
tion or alteration reactions that occur during weathering
and protect the As mineral from dissolution, aad (4) disso-
fution kinetics of the As-bearing minerals (Davis et al.,
1992). Arsenic mineralogy of the so0il and house dust was
neerly identical, suggesting that the two matrices should
yield similar As bicavailabilities.

A racent As bioavailability study conducted in dogs has
also indicated limited As bioavailability from soil (Groen
et al., 1993). Arsenic was administered as an intravenous
solution: (AssO4) or orally as As ia scil to groups of six
dogs, and urine was collected in 24-hr fractions for (20
hr. After 120 hr, 88 + 16% of the dose administered
iatravenously was excreted in the urine, compared to only
7.0 £ 1.5% excreted in the urine after oral sofl administra-
tion. The calculated bioavsilability of inorganic As from
s0i)} based on urinary excretion data was 8.3 + 2.0%,
consistent with the data [row the present study. Thus,
the bioavailability of soil and house dust As relative o
dissolved As of between 10 and 30% ia the current study
along with the resulis of Groen et al. (1993) demonstrate
the importance of accurately aceounting for differences in
the bioavailability of As in different media when assessing
potential environmental sxposures.
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